Arabidopsis semi-dominant uni-1D shows both constitutive defense responses and diverse morphological defects. In particular, uni-1D homozygote (uni-1D) mutants exhibit severe phenotypes including not only highly up-regulated pathogenesis related-1(PR-1) gene expression, but also lethality in the early stage of true leaf formation after germination. The gene responsible for the mutant encodes a coiled-coilnucleotide-binding site-leucine-rich repeat (CC-NBS-LRR)-type R protein that functions in the recognition of pathogen and the triggering of defense responses. However, the molecular basis of how uni-1D can induce these phenotypes was unknown. In this study, we isolated the regulatory particle triple-ATPase (RPT) subunits 2a and 2b, base components of the 19S regulatory particle in the 26S proteasome, as uni-1D-interacting proteins using yeast two-hybrid screening. Genetic studies showed that crossing with the rpt2a mutant reduces the level of uni-1D-induced PR-1 gene expression and suppresses the lethality of uni-1D, by leading to restoration of lost expression of the WUSCHEL gene, which functions to maintain meristem activity, in the shoot apical mersitem of uni-1D. These results suggest that RPT2a is a major interacting partner of uni-1D/ UNI, and that the interaction between uni-1D and RPT2a is responsible for activating both morphology and defense signals.
Introduction
The above-ground parts of plants comprise stems, leaves and floral organs, and these parts originate from a group of undifferentiated stem cells referred to as the shoot apical meristem (SAM). SAM formation and the maintenance of its activity are necessary for sustaining normal plant growth and development, and are mainly controlled by the activities of diverse factors including SHOOT MERISTEMLESS (STM) and WUSCHEL (WUS) (Endrizzi et al. 1996 , Leibfried et al. 2005 , and growth regulatory hormones including auxin and cytokinin. Meanwhile, the exposure of plants to environmental stresses activates diverse defense responses including induction of defense-specific factors and stress-related hormones such as salicylic acid and jasmonic acid in the plants. These activated factors and hormones contribute greatly to the plants' ability to recognize stressors and to minimize stress-induced damage. For example, when a plant is infected by an avirulent pathogen which produces a specific Avr (avirulence) gene, the plant's disease resistance (R) gene is activated, and then the activated R gene/ protein triggers diverse defense responses to the pathogen. These R gene-activated defense responses include HR (hypersensitive response), a type of programmed cell death that plays a role in restricting pathogens to small regions; an oxidative burst that produces reactive oxygen intermediates; rapid calcium and other ion fluxes; and accumulation of salicylic acid (SA) and the SA-dependent pathogenesis related-1 (PR-1) gene expression (Hammond-Kosack and Jones 1996) . Consequently, since plants are immobile, normal growth and developmental programs and self-protection mechanisms are indispensable for their survival under diverse environments.
Most studies have revealed that the factors and signaling related to growth and development are independent of those related to defense responses. In contrast, several reports have identified molecules and signals that appear to be common to both processes. For example, cytokinin, a kind of growth regulatory hormone, was reported to induce programmed cell death and expression of the PR-1 gene, which contributes to the resistance against biotrophic pathogens (Memelink et al. 1987 , Sano et al. 1994 , Carimi et al. 2003 . SA is known to be involved in not only defense response, but also the regulation of flowering time (Martlnez et al. 2004 ). The ERECTA (ER)-mediated signal is known to be the major reason for altered organ shapes in the Landsberg erecta ecotype of Arabidopsis (Torii et al. 1996) , and the signal was reported to function in resistance to pathogens such as Plectosphaerella cucumerina (Llorente et al. 2005) . More knowledge about the factors and how they mediate communications between stress-induced signals and internal growth is considered to be helpful in understanding the strategies of plants' survival.
Previously, we introduced the Arabidopsis semi-dominant mutant uni-1D. The gene responsible for the mutant encodes a coiled-coil-nucleotide-binding site-leucine-rich repeat (CC-NBS-LRR)-type R protein that functions in the recognition of the pathogen and the triggering of defense responses, and the mutation causes three amino acid substitutions in its LRR domain (Chung et al. 2008 . The mutant exhibits both constitutive defense responses and diverse morphological defects: both the uni-1D heterozygote (uni-1D/+) and the uni-1D homozygote (uni-1D) show constitutively and highly expressed PR-1 transcript; uni-1D/+ shows bushy and dwarf phenotypes and forms many narrow leaves and ectopic axillary meristems; uni-1D shows more severe phenotypes, inducing lethality in the early stage of true leaf formation after germination. It was shown that cytokinin-dependent signaling pathways are highly activated in the uni-1D mutant, and that the elevated cytokinin is responsible for inducing both effects . However, the molecular basis of how uni-1D can activate both types of signaling is unknown. Recently, ER family-dependent signaling was reported to affect the uni-1D-induced cytokinin signaling. However, the ER-dependent signaling is mainly involved in morphological signaling in uni-1D, but not in defense signaling (Uchida et al. 2011) . Therefore, we hypothesized that identifying more factors involved in uni-1D-induced signaling would be required to help understand the molecular mechanisms by which uni-1D can activate both defense and developmental signals.
In this study, we found that UNI/uni-1D interacts with the regulatory particle triple-ATPase (RPT) subunits 2a and 2b, base components of the 19S regulatory particle in the 26S proteasome. The 19S regulatory particles are made up of a lid and a base, which are involved in the recognition, unfolding and entrance of substrate proteins into the core particle which possesses the proteolytic activities (Kurepa and Smalle 2008) . We also found that the loss of function of RPT2a suppresses the uni-1D-induced phenotypes caused by the activated cytokinin signaling. Based on our results, we suggest that RPT2a is an upstream signaling component for inducing both defense and morphological phenotypes in the uni-1D mutant.
Results
RPT2a and RPT2b, the subunits of the 26S proteasome AAA-ATPase, are UNI-interacting proteins
We isolated several proteins that may interact with and function with UNI/uni-1D using yeast two-hybrid screening. We focused on one protein among several isolated proteins, because the protein was repeatedly isolated by two independent screenings, using CC and CC-NBS domains of UNI/uni-1D as the bait. The sequence of the clone was consistent with that in the N-terminus of At2g20140 which encodes the 19S regulatory particle AAA-ATPase subunit RPT2b in the 26S proteasome ( Supplementary Fig. S1 ). Moreover, the sequence also showed high identity with RPT2a (At4g29040), which is the paralog of RPT2b. RPT2a and RPT2b consist of almost the same amino acids, except for a difference of four amino acids (Kurepa et al. 2009 , Sonoda et al. 2009 ). One amino acid is located in their N-terminus identified as the domain interacting with UNI/uni-1D ( Supplementary Fig. S1 ).
We confirmed the interaction between the CC-/CC-NBS domain of UNI and full-length RPT2a/RPT2b. All tested yeast cells except for the cells containing the empty pGBKT7 vector and RPT2a-AD/or RPT2b-AD used as negative controls could grow well on SD/-Leu-Trp-His selective medium, and the grown yeast cells were positive in the b-galactosidase assay (Fig 1A-D) . These results suggest that UNI protein can interact with the 26S proteasome AAA-ATPase subunit RPT2b and its paralog, RPT2a. Moreover, we could also suppose that their interaction is mediated by their N-terminal domains encoding CC domains in both UNI and RPT2a/2b.
uni-1D-induced morphological phenotypes during early vegetative stage were suppressed by loss of function of RPT2a, but not RPT2b
To see how the physical interactions between UNI and RPT2a/ RPT2b affect the phenotypes shown in uni-1D, we observed the phenotypes of the uni-1D, uni-1D rpt2a and uni-1D rpt2b mutants. uni-1D had only hyponastic cotyledons in 7 dpg (day post-germination) seedlings and uncompleted pin-shaped small leaves in 10 dpg seedling, and then the uni-1D mutants died (Fig 2A, B) . In contrast, uni-1D rpt2a in turn induced leaves, thus suppressing lethality although the leaves were still small. The overall shape of the uni-1D rpt2a mutant at 36 dpg was similar to that of uni-1D/+ (Fig 2E, G) .
The loss of function of RPT2a also suppressed the morphological phenotypes of uni-D/+. In particular, the loss of function of RPT2a contributed to suppressing the formation of multiple axillary meristems, which is one of the representative characters shown in uni-1D/+: the uni-1D/+ mutant totally induced multiple and short inflorescence stems originating from each axillary meristem, whereas the uni-1D/+ rpt2a mutant had only one inflorescence stem induced from a main meristem in the center of leaves, as was the case for the wild type (Fig. 2E, F) . These results suggest that the loss of function of RPT2a can negatively act on the uni-1D-induced morphological effects on plants. Although rpt2a could clearly suppress the effects of uni-1D on plant morphology, the suppression efficiency was partial: for example, the morphological phenotype of uni-1D rpt2a was similar to that of uni-1D/+ (Fig. 2E, G) . Moreover, the loss of function of RPT2a could affect the morphological phenotypes of uni-1D only during the vegetative stage, showing that uni-1D rpt2a did not finally form inflorescence stems.
Differently from rpt2a, rpt2b mutants did not affect the morphological phenotypes of uni-1D, although the interaction between UNI and RPT2b in vitro was confirmed. The phenotypes of uni-1D/+ rpt2b and uni-1D rpt2b were the same as those of uni-1D/+ and uni-1D, respectively ( Supplementary  Fig. S2B , C, E, F, H, I, K, L). Fig. 2 The interaction between uni-1D and RPT2a causes abnormal morphological phenotypes shown in uni-1D/+ and uni-1D. Wild type (A), uni-1D (B), rpt2a (C) and uni-1D rpt2a (D) seedlings at 10 dpg (bars = 5 mm), and uni-1D/+ (E), uni-1D/+ rpt2a (F) and uni-1D rpt2a (G) mutants at about 36 dpg (bars = 5 mm). The loss of function of RPT2a contributes to restoration of the WUS expression region in uni-1D
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We next focused on the effects of the rpt2a mutant on SAM activity in uni-1D because crossing with rpt2a partially suppressed the morphological abnormality shown in uni-1D. Previously, Ueda et al. (2004) reported that the region size expressing WUS in the SAM is expanded in seedlings of the hlr-1/ rpt2a mutant at 11 dpg, thus causing the expansion of the SAM. We detected the WUS mRNA in the SAM of the uni-1D and uni-1D rpt2a mutants using in situ RNA hybridization. The WUS mRNA was never detected in the SAM of uni-1D mutants at 11 dpg (Fig. 3B) . However, the WUS mRNA was clearly detected in uni-1D rpt2a mutants (Fig. 3E) . The loss of function of RPT2a-induced effects on meristem activity in uni-1D rpt2a were also clearly observed by ProSTM::-glucuronidase (ProSTM::GUS) activity. The STM gene is known as a key regulator for SAM differentiation and maintenance (Clark et al. 1996) . In the uni-1D mutant, ProSTM::GUS signals were plural, and the signals were so tiny that they were like small dots, suggesting that multiple meristems are formed, and their activities are very low in uni-1D (Fig. 3C) . However, all dot-like GUS signals were significantly enlarged, although the signals were still multiple in the uni-1D rpt2a mutant (Fig. 3F) . These results suggest that wild-type RPT2a is the major factor that causes the defect of meristem activity in uni-1D, thus causing abnormal morphological phenotypes and lethality.
The loss of function of RPT2a suppresses the expression of cytokinin-and salicylic acid-dependent genes in uni-1D
Previously, Igari et al. (2008) reported that highly accumulated cytokinin is a major cause not only of morphological phenotypes, but also of high expression of cytokinin-dependent genes such as CYP735A2 and SA-dependent defense genes such as PR-1 in the uni-1D mutant. First, we compared the expression level of cytokinin-dependent genes between uni-1D and uni-1D rpt2a. The expression level of the CYP735A2 gene in uni-1D was 20-fold higher than that in the wild type, whereas the increase in the expression level of the CYP735A2 gene was clearly suppressed to <10-fold by crossing with rpt2a (Fig. 4A) . Next, we examined the effects of the loss of function of RPT2a on uni-1D-induced PR-1 gene expression. The expression level of the PR-1 gene in uni-1D was dramatically increased by as much as 20-fold that in the wild type, whereas crossing with the rpt2a null mutant reduced the expression level by as little as 5-fold (Fig. 4B) . Taken together, these results suggest that the interaction with RPT2a positively and actively contributes to high levels of cytokinin-and SA-dependent gene expression in uni-1D. Differently from the effects of rpt2a, the loss of function of RPT2b did not suppress the marker gene expression in uni-1D (data not shown).
Discussion
The purpose of this study was to identify proteins that interact with and function with UNI/uni-1D, which induces constitutive defense and morphological responses, and to determine how the identified protein functionally affects those phenotypes Fig. 4 High expression levels of CYP735A as the cytokinin marker and PR-1 as the salicylic acid marker in uni-1D are suppressed by crossing with rpt2a. Expression of CYP735A (A) and PR-1 (B) in the aerial parts of seedlings at 7 dpg of the wild type, and uni-1D, rpt2a and uni-1D rpt2a mutants. Each was analyzed by quantitative RT-PCR. The expression levels were normalized with respect to those of -tubulin. Data shown are the means of three independent samples with error bars representing the SD (n = 3).
uni-1D uni-1D rpt2a rpt2a

WT rpt2a uni-1D
uni-1D rpt2a Fig. 3 The interaction of uni-1D with RPT2a causes the defects on the SAM shown in uni-1D. In situ hybridization with the WUS probe in the wild type (A), uni-1D (B), rpt2a (D) and uni-1D rpt2a (E) seedlings at 11 dpg, and the STM promoter-driven GUS signals in uni-1D (C) and uni-1D rpt2a (F) seedlings at 14 dpg (bars = 1 mm).
shown in uni-1D. Our study provides significant evidence that RPT2a, the 19S regulatory AAA-ATPase in the 26S proteasome, is the major activator protein for the uni-1D-induced signaling.
Recently, several reports have focused on involvement of the 26S proteasome activity or its components, especially RPT2a, in diverse developmental processes, including the maintenance of root apical meristem and SAM activities, the regulation of leaf organ size, the formation of trichome cells and cell proliferation (Ueda et al. 2004 , Sonoda et al. 2009 , Kurepa et al. 2009 , Sako et al. 2010 . Here, we found that RPT2a and RPT2b are interacting partners of the uni-1D protein, by showing that the CC-or the CC-NBS domains of uni-1D interact with RPT2a/2b proteins using the yeast two-hybrid assay (Fig. 1A-D) . Moreover, we have shown that the loss of function of RPT2a suppresses uni-1D-induced morphological defects. The morphological defects of the uni-1D/+ mutant can be mainly divided into two categories: the decrease of SAM activity, leading to delayed leaf production, abnormal leaf shape, late flowering and premature arrest of inflorescence meristem, and the increase of ectopic axillary meristem formation, leading to the bushy phenotype. The lethality of the uni-1D mutant is caused by the increase in the severity in both categories of morphological defects, indicating that the uni-1D-induced phenotypes depend on the dosage of uni-1D protein ). In the uni-1D mutant, WUS transcript is not detected in its SAM region. In contrast, the lost WUSexpressing region of uni-1D is clearly restored by crossing with rpt2a (Fig. 3A, B, D, E) . Moreover, the size of the SAM detected by pSTM:GUS was enlarged in the double mutant, compared with that in uni-1D (Fig. 3C, F) . During the vegetative period, the overall phenotypes of uni-1D/+ rpt2a and uni-1D rpt2a were very similar to those of rpt2a and uni-1D/+, respectively (Fig. 2E, G) . These results suggest that wild-type RPT2a is the major factor causing the abnormal morphogenesis in uni-1D.
Although the function of RPT2a is a determinant for inducing uni-1D-induced phenotypes, we found that the suppression effects of rpt2a on the uni-1D-induced signaling are partial and age dependent, by showing the following: that the morphological phenotype of the uni-1D rpt2a mutant is similar to that of the uni-1D/+ mutant, but not to that of the wild-type plant, and that the uni-1D rpt2a mutant can survive only during the vegetative period (Fig. 2E, G) . A possible explanation for this might be that unidentified proteins are additionally required for uni-1D-induced phenotypes, and that interacting proteins of uni-1D are different depending on plant developmental stages.
The Arabidopsis genome has duplicated RPT2 genes, RPT2a (At4g29040) and RPT2b (At2g20140). These genes show high similarity in amino acid sequences and very similar expression patterns in plants (Supplementary Fig. S1 ; Kurepa et al. 2009 , Sonoda et al. 2009 ). Even though both RPT2a and RPT2b interact with UNI protein in vitro, crossing with the only rpt2a mutant suppresses uni-1D-induced phenotypes. This difference might be related to the possibility that the loss of function of RPT2b does not have as much influence on plants as the loss of function of RPT2a does, because of the lower expression level of the RPT2b transcript compared with that of RPT2a in the wild type, although both can function redundantly to induce the phenotypes shown in uni-1D (Sonoda et al. 2009 ). Alternatively, the difference may be related to the possibility that RPT2b may have different effects on the uni-1D mutant, since other reports have suggested that neither RPT2 is functionally equivalent (Kurepa et al. 2009 , Sonoda et al. 2009 ).
Next, we have found that the loss of function of RPT2a significantly suppresses the uni-1D-induced defense signaling pathway, showing a significantly strong decrease in the PR-1 gene expression level in uni-1D rpt2a compared with uni-1D (Fig. 4B) . This result indicates that RPT2a may be involved in SA-dependent defense signaling. This finding would be an important issue for future research to investigate whether RPT2a can be involved in other already known NBS-LRR-type R protein-mediated defense responses. We believe that the new evidence shown in this paper will be able to provide new possibilities that RPT2a may function in the defense responses and/ or in connection with the defense of plants and the growth and development in wild-type plants.
Finally, we showed that the loss of function of RPT2 can negatively affect cytokinin-dependent gene expression, such as that of the cyp735A2 gene in uni-1D (Fig. 4A) . Cytokinin signaling has been revealed as a key signaling pathway for inducing and connecting plant morphology and defense responses in uni-1D (Igari et al 2008) . Although we do not have the clear answer to whether rpt2a suppressed both morphological and defense-related signaling through the direct suppression of cytokinin biosynthesis, all present findings propose that RPT2a is the key factor responsible for inducing constitutive morphology and defense responses in uni-1D.
The stability of NBS-LRR-type R protein and its quantitative regulation mechanism are considered to be important for R protein-triggered signaling (Shirasu et al. 1999 , Muskett et al. 2002 , Tornero et al. 2002 . The stability of uni-1D protein is also essential for inducing its downstream signaling, and is regulated by RAR1 and SGT1b , Uchida et al. 2011 , Uchida and Tasaka 2011 . Although it is likely that the loss of function of RPT2a directly affects the protein level of uni-1D, rpt2a suppresses the phenotypes of uni-1D without the change of total UNI protein level (data not shown). It is probable therefore that the effects of RPT2a on uni-1D-induced signaling are independent of the proteasome activity that controls uni-1D protein levels. Consequently, further research should be done to investigate the molecular mechanisms by which RPT2a affects the activation of uni-1D after their interaction. Information about structures and functions of not only RPT2a, but also other 19S regulatory particle components, may give important hints for solving this question. RPT2a is known to regulate the gate opening of the proteasome core particle and to have several functionally conserved motifs in its amino acid sequences, such as the ATP/GTP-binding site P-loop, the AAA-protein family signature and the nuclear localization signal (Beyer 1997 , Fu et al. 1999 , Köhler et al. 2001 . Several reports have shown the examples that the AAA-ATPase of 19S regulatory particles functions independently of proteolysis in Saccharomyces cerevisiae. They have also proposed that the 19S complex components may have a chaperon-like activity capable of manuplating protein structures by their ATPase, even in the absence of the 20S core particle, although the ATPase activity is mainly used for 26S proteasome function (Russell et al. 1999 , Ferdous et al. 2001 ).
Materials and Methods
Plant materials and growth conditions
All plants were the Arabidopsis thaliana cv Columbia (Col) unless otherwise noted. The original uni-1D/+ (Ws) mutant has been described and was backcrossed seven times to Col before phenotypes were analyzed and other mutants were crossed .
The following mutants have been previously described: hlr-2 ( Ueda et al. 2004 ) and SALK_043450 (rpt2b; Sonoda et al. 2009 ). The seeds of the hlr-2 mutant were kindly provided by Dr. Okada Kiyotaka, and those of the rpt2b mutant were obtained from the ABRC (Ohio State University).
Seeds were surface-sterilized and plated on MurashigeSkoog plates that contained 4.3 g l À1 Murashige-Skoog salts (Wako), 10 g l À1 sucrose, 0.1 g l À1 myo-inositol, 0.05% (w/v) MES pH 5.7 and 5 g l À1 gellan gum (Wako). After incubation in darkness at 4 C for at least 2 d, the plates were put in a growth chamber at 23 C under constant white light. All seedlings were transplanted into soil at about 11 dpg and then grown at 23 C under constant white light.
Yeast two-hybrid screening
An Arabidopsis cDNA library was made using RNA extracted from the upper part of wild-type (Wassilewskija, Ws) seedlings at 7 dpg. The library construction and screening were performed according to the supplier's instructions (Clontech, MatchMaker TM GAL4 two-hybrid system 3 and Libraries). When the bait vector was constructed, the UNI CC domain-encoding cDNA was amplified by PCR, using primers forward, 5 0 CATATGATGGGGAGTTGTTTTTCTAT 3 0 , and reverse, 5 0 GAATTCAACCTCGTCAAAATTTCCCT 3 0 , and the CC-NBS domain cDNA was amplified using primers forward, 5 0 CATATGATGGGGAGTTGTTTTTCTAT 3 0 , and reverse, 5 0 G AATTCTTTTGGTATTTCATGTAACCCGAC 3 0 . Each PCR product was cloned into the pGEM-T vector (Invitrogen), and its nucleotide sequence was confirmed. Then, each PCR product was digested with NdeI and EcoRI, and inserted into the pGBKT7 vector (Clontech).
For the AD plasmid construction, the full-length RPT2a cDNA was amplified by PCR using primers forward, 5 0 GTCG ACATGGGACAAGGACCATCGGG 3 0 , and reverse, 5 0 CTGCAG TTACATGTAGAGGCCTTCAG 3 0 , and the full-length RPT2b cDNA using primers forward, 5 0 GTCGACATGGGTCAAGGA CCTTCCGG 3 0 , and reverse, 5 0 CTGCAGTCACATGTAAAGAC CTTCAG 3 0 . After confirmation of their sequences, each PCR product was digested with SalI and PstI, and inserted into the pGAD424 vector (Clontech).
Cell growth was tested on SD agar plates containing all amino acids except leucine, tryptophan and histidine (SD/-Leu-Trp-His). The b-galactosidase assays were performed according to the manufacturer's instructions (Clontech).
RNA extraction and quantitative reverse transcription-PCR (RT-PCR) analysis
Total RNA was extracted from the upper part of each seedling at 7 dpg using the RNeasy Plant Mini Kit (Qiagen). RNA (1 mg) was reverse transcribed using SuperScript II Reverse Transcriptase (Invitrogen) according to the manufacturer's instructions. Real-time quantitative RT-PCR measurements were performed using the Roche LightCycler 480 (Roche Diagnostics). PR-1, CYP735A2 and -tubulin transcripts were amplified using SYBR Premix Ex Taq (TAKARA) with primers forward, 5 0 GGAGCTACGCAGAACAACTAAGA 3 0 , and reverse, 5 0 CCCACGAGGATCATAGTTGCAACTGA 3 0 , for PR-1; forward, 5 0 GCTCTTCCATCCACCACAACA 3 0 , and reverse, 5 0 C GGATTGTGCTTCGTTAGCA 3 0 , for CYP735A2; and forward, 5 0 GAGGGAGCCATTGACAACATCTT 3 0 , and reverse, 5 0 GCGAA CAGTTCACAGCTATGTTCA 3 0 , for -tubulin. The expression values of PR-1 and CYP735A2 were normalized to that of -tubulin, and the average of the resulting normalized values was plotted as a bar graph ±SD.
GUS staining
Seedlings at 14 dpg were treated with 90% acetone on ice for 15 min and rinsed with water. Then, the seedlings were stained in a staining solution (1.9 mM X-Gluc, 5 mM potassium ferricyanide, 5 mM potassium ferrocyanide, 0.3% Triton X-100 in 100 mM sodium phosphate buffer pH 7.2). For staining, the samples were vaccum infiltrated for 15 min at room temperature and then incubated overnight at 37 C. Stained seedlings were dehydrated in a graded ethanol series (30, 50, 70, 90 and 100%) for 15 min each to remove chlorophyll, and then rehydrated in a graded ethanol series (90, 70, 50 and 30%) for 15 min each.
In situ hybridization
In situ hybridization was performed as previously described (Takada et al. 2001 , Takano et al. 2010 . Seedlings of each mutant at 11 dpg were collected and fixed as described by Takada et al. (2001) and Takano et al. (2010) . The WUS antisense probe was generated as previously reported (Takano et al. 2010) .
Supplementary data
Supplementary data are available at PCP online.
